Cancer is the leading cause of disease-related death in teenagers and young adults aged 13 -24 years (TYAs) in England. We have analysed national 5-year relative survival among more than 30 000 incident cancer cases in TYAs. For cancer overall, 5-year survival improved from 63% in 197963% in -84 to 74% during 199663% in -2001. However, there were no sustained improvements in survival over time among high-grade brain tumours and bone and soft tissue sarcomas. Survival patterns varied by age group (13 -16, 17 -20, 21 -24 years), sex and diagnosis. Survival from leukaemia and brain tumours was better in the youngest age group but in the oldest from germ-cell tumours (GCTs). For lymphomas, bone and soft tissue sarcomas, melanoma and carcinomas, survival was not significantly associated with age. Females had a better survival than males except for GCTs. Most groups showed no association between survival and socioeconomic deprivation, but for leukaemias, head and neck carcinoma and colorectal carcinoma, survival was significantly poorer with increasing deprivation. These results will aid the development of national specialised service provision for this age group and identify areas of clinical need that present the greatest challenges.
In 2004 in England, over 50% of cancers were diagnosed at age 70 years and above, with only 0.5% in 15 -24-year-olds (Office for National Statistics, 2006) . However, cancer is the leading diseaserelated cause of death in this age range (Geraci et al, 2007) . There is growing recognition that young cancer patients have special physical, social and educational needs in addition to appropriate disease-specific treatment. Risks of developing treatment-induced second malignancies and organ dysfunction are critical considerations in the young. Loss of fertility and other organ-specific cytotoxic effects and disruption to education, vocational and professional training can have a profound influence on future life (National Collaborating Centre for Cancer, 2005) .
Detailed national survival data for this age group have not been reported hitherto but are important for service planning and as a baseline for monitoring progress. We now describe survival trends over time and patterns of survival by age, sex and socioeconomic deprivation for a 23-year series of 13-to 24-year-olds with cancer in England.
MATERIALS AND METHODS
Teenagers and young adults aged 13 -24 years (TYAs) diagnosed with malignancy in England, during the period 1979 -2001, followed up to 31 December 2003, were included in this study. National cancer registration data on individual eligible cases were supplied by the National Cancer Intelligence Centre, Office for National Statistics, London (ONS), including dates of birth, diagnosis and follow-up, sex, histological type and primary site of cancer, Townsend deprivation index score (TDI) and vital status. Cases with vital status unknown (patient record not traced at the National Health Service Central Register) were excluded as were cases with a survival time of zero (diagnosed and died on the same day). These exclusion criteria were those applied by Coleman et al (1999) . Cases lost to follow-up, for example, emigrated, were included up to date last known to be alive.
For cases registered from 1979 to 1994, cancer morphology was coded according to the International Classification of Diseases for Oncology, first edition (ICD-O 1) (World Health Organization, 1976) , and cancer site according to the ninth revision of the International Classification of Diseases (ICD 9) (World Health Organization, 1977) . For cases registered during the period 1995 -2001, diagnoses were similarly coded according to ICD-O, second edition (ICD-O 2) (Percy et al, 1990) , and ICD tenth revision (ICD-10) (World Health Organization, 1992) . The cases were classified into 10 main diagnostic groups and 2 -7 subgroups per main group as described previously (Birch et al, 2002) . This classification is recognised internationally as a suitable vehicle for analysing data on TYAs (Barr et al, 2006) .
We examined survival for each diagnostic subgroup by age at diagnosis (13 -16, 17 -20, 21 -24 years) , TDI, sex and calendar period (1979 -1984, 1985 -1989, 1990 -1995, 1996 -2001) . Cases were divided into five groups, from the most affluent to most deprived, on the basis of the quintile of the distribution of TDIs for census ward of residence. TDIs are derived from levels of four census variables: car ownership; house ownership; overcrowding and unemployment within wards, giving a measure of material deprivation (Townsend et al, 1998) .
Five-year relative survival in each diagnostic group was calculated by dividing observed by expected survival among comparable groups in the general population (Ederer et al, 1961) . The 5-year expected survival was derived from the age, sex, deprivation and calendar year-specific national mortality rates for England (Coleman et al, 1999) . Relative survival by age, sex, calendar period and TDI was examined using Poisson regression (Dickman et al, 2004, Breslow and Day, 1987) . Specified diagnostic subgroups with 250 (0.8%) or more cases as well as smaller groups of interest were examined individually. The significance level was set at 5%. Analyses were carried out using the statistical software package Stata, Version 9 (StataCorp LP, 2005). Figure 1 shows that overall 5-year relative survival steadily increased throughout the study period (Po0.001) from 63% in 1979 -1984 to 77% in 1996 -2001 . The most marked increase was between the two earliest periods. Table 1 shows that 5-year relative survival was significantly better for females than males except for germ cell tumours (GCTs) and central nervous system (CNS) tumours. The pattern of survival with age varied between diagnostic groups. For GCTs in 13-to 16-years-olds, 17-to 20-year-olds and 21-to 24-year-olds, survival was 80, 87 and 90% respectively. However, for leukaemia and CNS tumours, survival was better in the youngest group (Po0.001). For lymphomas, bone sarcomas, soft tissue sarcomas (STSs), melanoma and carcinomas, survival was not significantly associated with age. For leukaemia and carcinomas, the most deprived groups had the lowest survival (P ¼ 0.048 and 0.008, respectively). All diagnostic groups showed improvements in 5-year relative survival during the study period of between 9% (CNS) and 21% (leukaemia), except STS for which no improvement was seen.
RESULTS

Survival
Tables 2 -6 present the results of analyses by the major subtypes within main diagnostic groups. Table 2 shows 5-year survival of patients with haematological malignancies. For acute lymphoid leukaemia (ALL), females had a better survival than males (50 vs 43%, P ¼ 0.019), survival decreased with increasing age (Po0.001) and increased by 18% during the study period from 37 to 55% (Po0.001). For acute myeloid leukaemia (AML), there was an even greater improvement over time, from 27 to 50% but from a lower starting point than ALL. There were no significant differences in survival from AML by age and sex. For chronic myeloid leukaemia, there was a marked improvement in survival between the time periods 1979 -1984 and 1985 -1989 but no consistent further improvement. Although there was a significant trend with TDI for leukaemia overall (Table 1) 1979-1984 1985-1989 1990-1995 1996-2001 Relative survival (%) Figure 1 Relative survival of cancer patients aged 13 -24 years, diagnosed between 1979 and 2001 in England, by calendar period. For non-Hodgkin lymphoma (NHL), 13-to 16-year-olds had a better survival than 17-to 24-year-olds (P ¼ 0.033). There was a marked improvement in survival between 1979 -84 and 1985 -89 but little subsequent improvement. For Hodgkin lymphoma (HL), female patients had a small survival advantage over males (P ¼ 0.026), with significant improvements over time (Po0.001), reaching 93% in the latest period. There was no significant trend in survival with TDI for either NHL or HL. Table 3 shows 5-year relative survival of patients with selected CNS tumours. Only astrocytomas showed decreased survival with increasing age (Po0.001), and this group showed no improvement over the study period. This pattern was driven by high-grade astrocytoma (HGA), which is more common in older age groups (data not shown). For HGA, 5-year survival did not improve during the study period (P ¼ 0.85) and a very low survival rate of 14% was seen in the latest period. However, for low-grade astrocytoma, 5-year survival improved from 76% in 1979 -1984 to 90% in 1990 -1995 but with no further improvement (P ¼ 0.005). The 'other glioma' group, mainly oligodendroglioma and ependymoma, showed marked improvements from 1979 to 1995 but no subsequent improvement. For medulloblastoma and supratentorial primitive neuroectodermal tumours, there were no significant 
Astrocytoma
Other glioma Ependymoma PNET Other specified and unspecified PNET ¼ medulloblastoma and primitive neuroectodermal tumours.
Cancer survival in teenagers and young adults in England JM Birch et al differences in survival by sex, age and time period of diagnosis. No CNS tumour group showed a trend with TDI. Table 4 shows 5-year relative survivals of patients with bone tumours and STS. For osteosarcoma, females had a better prognosis than males (P ¼ 0.008) and survival improved significantly between 1979 -84 and 1985 -89 but with no improvements more recently. Thirteen-to sixteen-year-olds with Ewing sarcoma did better than 17-to 24-year-olds (P ¼ 0.021), with a significant improvement in survival over time (P ¼ 0.005), again particularly marked between 1979 -1984 and 1985 -1989 . Rhabdomyosarcoma (RMS) survival decreased with increasing age (Po0.001), with no improvement over time and 5-year survival of only 29% in the latest period. For other specified types of STS combined, there was no significant improvement in survival over time. For unspecified STSs, survival improved significantly between 1979 and 1995 but not subsequently. There were no significant trends in survival with TDI for any specified types of bone and STS. Table 5 shows 5-year relative survivals among patients with GCTs by primary site. For testicular GCTs, survival increased with advancing age at diagnosis (Po0.001). There was a consistent improvement in 5-year survival over time (Po0.001), reaching 96% in the latest period. Ovarian GCTs showed similar patterns of survival. For CNS GCTs, there were no significant differences in Table 4 Five-year relative survival (%) of patients with bone and soft tissue sarcomas diagnosed at age 13 -24 during 1979 -2001 
in England
Osteosarcoma
Ewing sarcoma RMS Other specified STS Unspecified STS survival by sex, age and period of diagnosis. For GCTs of other sites, females had a substantially superior 5-year survival (Po0.001). None of the subgroups showed a trend with TDI. Table 6 shows 5-year relative survivals of patients with carcinomas of selected sites. For head and neck carcinomas (excluding thyroid), females had a better survival than males (P ¼ 0.001). There was a trend of decreasing survival with increasing deprivation, but no trend with age. Survival steadily improved over time (P ¼ 0.003). Thyroid carcinoma showed a 97% or higher survival throughout the study period, with no significant variations in age, sex and deprivation (data not shown). For carcinoma of lung, there was a significant improvement over time (P ¼ 0.046) and females had a higher survival (P ¼ 0.052). For carcinoma of breast, survival decreased with increasing age but the number of cases below age 21 years was very small. There was a borderline significant trend for improved survival over time (P ¼ 0.055). For ovarian carcinoma, there was a marked improvement in survival between 1990 -1995 and 1996 -2001 . This may in part reflect changes in coding between ICD-O1 and ICD-O2 so that additional, lower-grade ovarian tumours were included in the 1996 -2001 data. No trend with age was seen. Carcinoma of cervix showed a marked improvement between 1979 -84 and 1985 -89 (P ¼ 0.012), but survival has remained at the same level since. For colorectal carcinomas, females had a substantially better survival than males (Po0.001). Survival increased significantly over time, particularly in the most recent period. The most deprived group had the lowest survival (P ¼ 0.001). Numbers of carcinomas of other sites were too small for separate analysis.
DISCUSSION
This study presents the first national data for England on cancer survival among TYAs. It is now acknowledged that the special needs of cancer patients aged 0 -18 years would be best served by principal treatment centres providing age-appropriate facilities and managed by dedicated multidisciplinary teams (National Collaborating Centre for Cancer, 2005) . For 19-to 24-year-olds, unhindered access to such expert teams is recommended. It has been suggested that in this age group in the United States, low recruitment to clinical trials contributes to the comparatively poor improvements in cancer survival (Bleyer et al, 2007) . A recent study has compared clinical trial inclusion rates of children with those of TYAs in Great Britain who have cancers relevant to both age ranges and for which phase III trials are in progress (leukaemia, lymphoma, CNS tumours, sarcoma and testicular GCT). Results for cases diagnosed in 2005 -2007 show that 56% of total incident cases aged 5 -14 years are entered into trials compared with only 20% of 15-to 24-year-olds. Trial inclusion for CNS tumours was particularly low (Whelan and Fern, 2008) . The baseline data on survival trends presented here are of importance in monitoring future progress in cancer survival in TYAs and assessing the impact of new specialist TYA cancer units, including recruitment to clinical trials.
In this study, we have analysed survival by predefined morphological groups of cancers, appropriate to the TYA age range, using national data covering more than 30 000 incident cases over a 23-year period. Overall, there were marked improvements in survival during the study period especially for all subgroups of leukaemia and NHL. However, for certain other groups, the results are less encouraging. Both osteosarcoma and Ewing sarcoma showed a step change in survival between the two early periods but then no further increase after 1989. There was no improvement for RMS and other STS. Although survival among children diagnosed with osteosarcoma up to 1997 in Britain was only slightly better than that in TYAs reported here, children with Ewing sarcoma and RMS showed more marked improvements and better survivals than their TYA counterparts (Stiller et al, 2006; Pastore et al, 2006) . During 1993 During -1997 , in children 5-year survival was 67% for Ewing sarcoma and 65% for RMS, but in TYAs during 1996 -2001, the respective survivals were 42 and 29%. For RMS, this may partly be due to a higher proportion of TYA patients with more aggressive histologies, but this cannot entirely explain the poor outcomes in TYAs with bone and soft tissue sarcomas in general.
High-grade CNS tumours in TYAs showed little or no improvements in survival during the study period, and this was also the case for British children up to 1997 with comparable tumours (Peris-Bonet et al, 2006) . Clearly, the clinical management of high-grade CNS tumours in young people presents a major challenge. In contrast, these results show consistently high survival rates for GCTs, with equivalent improvement in 5-year survival for both testicular and ovarian tumours. Across all ages, nearly all testicular tumours are of germ-cell origin, so that the high survival rates previously reported for testicular cancer can be interpreted as survival from GCTs of the testis. However, most ovarian cancers are carcinomas, and survival rates for ovarian cancer (Coleman et al, 1999) do not reflect survival from ovarian GCTs. This is particularly important in TYAs, as GCTs are the predominant ovarian malignancy in this age group (Birch et al, 2003) . About 80% of cancers overall are carcinomas, but these constitute only 16% of TYA cancers . Carcinomas of most sites in the present series show favourable survival rates compared with cancers at those sites across all ages (Coleman et al, 1999) . This suggests that the TYA cases may have histologically lower-grade tumours than older cases and/or differ biologically. However, survival from breast carcinoma in TYAs is similar to breast cancer in general (Coleman et al, 1999) . Females have higher survival rates for most types of cancer, and this holds true for TYAs; possible explanations include earlier presentation in females and less aggressive tumour biology.
Cancer survival rates among older patients in England and Wales are strongly influenced by socioeconomic status (Coleman et al, 1999) , but only small non-significant differences were seen in children. In this study, most cancers showed no association between TDI and survival, but for leukaemias and carcinomas overall, there were significant trends towards poorer survival with increasing deprivation, particularly for colorectal and head and neck carcinomas. These latter cancers, which show marked associations between survival and deprivation in older patients (Coleman et al, 1999) , are aetiologically linked to lifestyle factors also associated with deprivation, such as tobacco smoking and poor diet (IARC, 1986; Key et al, 2004) . These factors may influence survival due to general poor health. Other considerations include speed of seeking medical healthcare, referral patterns and clinical management in socioeconomically deprived areas.
In conclusion, although there were marked increases in survival over time for all cancers combined, for some diagnostic groups, little or no improvements were seen. These results provide baseline data against which to compare outcomes in patients treated in the developing specialist TYA cancer units and in those entered into clinical trials. The data serve to identify the patient groups that present the greatest clinical challenges.
